ABSTRACT Background
T-SPOT.TB LV D VSHFL¿F DVVD\ IRU WKH GLDJQRVLV RI WXEHUFXORVLV 7KH DVVD\ QHHGV to be performed with freshly isolated cells and interpretation requires training. T-SPOT.TB has been used in various clinical-epidemiological settings, but so far no studies evaluated the effect of freezing and thawing of blood cells before testing or inter-observer variation in test reading.
Aim
To compare T-SPOT.TB results obtained with freshly isolated or frozen cells and to evaluate variation between different observers in reading T-SPOT.TB results.
Materials & Methods
The study was nested within an ongoing cohort study, in which part of the T-SPOT. TB had been performed with frozen material. Culture plates were read visually by four different observers from two laboratories, and by two automated readers.
Results
Of 313 T-SPOT.TB assays, 235 were performed with fresh and 78 with frozen cells. 1R VLJQL¿FDQW GLIIHUHQFH ZDV IRXQG EHWZHHQ UHVXOWV REWDLQHG ZLWK IUHVK RU IUR]HQ cells. The percentage of positive results varied between readers by maximally 17%; 5/6 raters were within a 6% difference in positive results. Analysis of the observed inter-rater differences showed that some individuals systematically counted more spots. Because test interpretation includes subtraction of background values, this V\VWHPDWLF YDULDQFH KDG OLWWOH LQÀXHQFH RQ LQWHULQGLYLGXDO GLIIHUHQFHV
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7KH ¿QGLQJV RI WKLV VWXG\ VXJJHVW WKDW LW LV SRVVLEOH WR XVH WKDZHG EORRG FHOOV IRU
T-SPOT.TB. The test result as positive or negative varied between independent raters, mainly due to samples with values around the cut-off. This warrants further study regarding determinants affecting the reading of T-SPOT.TB.
INTRODUCTION
Roughly a century after the introduction of the tuberculin skin test (TST), the UHFHQW GHYHORSPHQW RI LQWHUIHURQJDPPD UHOHDVH DVVD\V ,*5$ IRU VSHFL¿F detection of infection with Mycobacterium tuberculosis has realized a new class of immunodiagnostic tests that has extensively been evaluated both for detection of active tuberculosis (TB) and of latent TB infection (LTBI) (1-4). T-SPOT.TB ® and QuantiFERON-TB ® Gold in-tube are the commercially available and approved IGRA formats, being based on culture of isolated peripheral blood mononuclear cells and of whole blood, respectively. Numerous studies that evaluated the use of IGRA have been published in the past years showing their particular value for detection of LTBI in populations with high rates of false-positive TST due to BCG vaccination or exposure to nontuberculous mycobacteria (5;6). T-SPOT.TB is based on the ELISPOT technique in which cells responding with interferon-γ production after antigen stimulation are visualized as spots, which must be enumerated. The assay is performed in four wells with different stimulations: medium as negative FRQWURO 3+$ DV SRVLWLYH FRQWURO DQG SHSWLGHV RI WKH 7% VSHFL¿F DQWLJHQV (6$7 (panel A) and CFP-10 (panel B). One of the disadvantages of T-SPOT.TB is that it must be performed with fresh material which may not always be convenient. As the assay is based on single well culture for each stimulus, random variability cannot be detected. Another disadvantage is that counting the spots might lead to variation when read by different observers or automated readers. Thus far, no studies have addressed the inter-observer variability of the T-SPOT. TB. In the present study, these issues were addressed by using material obtained within an ongoing cohort study in the Netherlands in which part of T-SPOT.TB assays was performed with frozen material for logistical reasons (blood arriving in the laboratory on a Friday was frozen since the assay needs to be completed 20 hours later). We compared results of T-SPOT.TB obtained with freshly isolated to those with frozen and thawed cells. Secondly, we evaluated the reading of the T-SPOT.TB plates in two laboratories by different observers.
SUBJECTS AND METHODS
Materials and data for this analysis were obtained from an ongoing cohort study in the Netherlands which aims to assess the predictive value of the TST and IGRA for development of active TB among immigrants who are close contacts of a smear-positive TB patient (unpublished data). The baseline report of this study is submitted for publication.
T-SPOT.TB
T-SPOT.TB was performed following the manufacturers instructions (http://www. oxfordimmunotec.com). When blood was obtained on a Friday, cells were isolated and frozen at minus 152°C until testing. The cells were frozen in RPMI medium containing 10% DMSO and 10% Fetal Calf Serum (FCS) and stored for a maximum of two weeks at minus 70°C until they were transferred to minus 152°C. The number of spots was scored visually using a magnifying glass by four independent observers, two from the department of Medical Microbiology of Diakonnessenhuis Utrecht, and two from the department of Infectious Diseases of Leiden University Medical Center. None of the observers had knowledge of TST or T-SPOT.TB scores of the other raters. All four observers had received individual training in reading T-SPOT.TB. In addition, spots were counted by two automated readers, the Biosys Bioreader 3000 pro and the Biosys Bioreader ,QWHUSUHWDWLRQ RI WHVW UHVXOWV ZDV DFFRUGLQJ WR WKH FULWHULD GH¿QHG E\ WKH PDQXIDFWXUHU D VDPSOH ZDV GH¿QHG SRVLWLYH LI WKH QXPEHU RI VSRWV LQ SDQHO $ minus Nil and/or in panel B minus Nil exceeded 5. If the number of spots in the Nil well was 6 to 10 the sample was considered reactive if the spot count in panel A or B was more than twice the number of spots in the Nil. If the Nil spot count was 11 to 20 spots, the spot count in panel A or B needed to be at least three times the spot count in the Nil for the sample to be considered responsive. If the spot count in the Nil was more than 20, the sample was considered inconclusive. For the analysis all samples with spot counts in panel A or B over 20 are reported as 20, since two raters did not quantify spot numbers over 20.
Statistical analysis
Differences between results obtained with fresh and frozen cells and different observers and readers were calculated using mixed models. Differences in percentage of positive results were analyzed with chi-square test. Since two raters did not quantify spot numbers above 20 spots, all analyses have also been performed on the selection spot count >20; samples where two or more raters obtained values >20 were excluded. Out of the six raters, one was randomly appointed as reference rater. Analyses were performed using SPSS 14.0 for :LQGRZV &KLJDFR ,/ 86$ 7ZRVLGHG 3 YDOXHV ZHUH FRQVLGHUHG VWDWLVWLFDOO\ VLJQL¿FDQW
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RESULTS
In total, T-SPOT.TB measurements of 313 subjects were available. The assay was performed 235 times with freshly isolated PBMC's and 78 times with frozen PBMC's (maximum interval between freezing and thawing was 207 days with an DYHUDJH RI GD\V ,Q ¿JXUH D DQG E VSRW FRXQWV LQ SDQHO $ PLQXV 1LO DQG SDQHO % PLQXV 1LO DUH GHSLFWHG IRU DOO VL[ REVHUYHUV ,Q 7DEOH WKH ¿QDO 76327TB results of all six raters are shown. All but one rater scored between 51% and 58% positive results, the other rater reporting 41% positive results. 7KH ¿UVW TXHVWLRQ ZDV ZKHWKHU WKH GLIIHUHQFH LQ SRVLWLYLW\ FRXOG EH H[SODLQHG E\ the fact that part of the samples were tested with frozen material which may lead WR QRQVSHFL¿F EDFNJURXQG VWLPXODWLRQV 
Differences between six independent raters
In Figure 2 , the mean spot count and absolute differences in spot count are depicted for all six raters. The most important observation was that each individual rater had his or her own consistent preference for counting spots, some raters counting more or less spots than others, 
DISCUSSION
This study was initiated to determine the effect of different human and automated readers on the test results of T-SPOT.TB. In addition, we compared tests performed using freshly isolated cells with tests using frozen and thawed cells. The main ¿QGLQJ ZDV D PD[LPXP GLIIHUHQFH RI LQ ¿QDO WHVW LQWHUSUHWDWLRQ LH SRVLWLYH or negative) between the six raters in this study cohort that was characterized by A limitation of our study was the small number of samples that was tested both as fresh and frozen and thawed cells. As an alternative we compared all assays performed with fresh material with those performed with frozen material. A direct comparison in a larger number of samples tested both with fresh and with frozen PDWHULDO VKRXOG EH SHUIRUPHG EHIRUH GH¿QLWH FRQFOXVLRQV FDQ EH GUDZQ 2XU VWXG\ only addressed the reading of already processed plates and did not study interlaboratory variation in overall performance of the assay, which could contribute to YDULDWLRQ LQ ¿QDO WHVW UHVXOW DV ZHOO )XUWKHU UHVHDUFK FRXOG LQFOXGH WKH GLVWULEXWLRQ RI blood samples to several laboratories. Of note, the population on which this study was based included an extraordinarily high rate of latently infected individuals,
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which should be realized when interpreting the observed absolute differences in positive test results. In routine laboratory settings the positivity rate will in general be much lower and as result the overall agreement between raters can be expected to be higher than that reported in our study. Therefore the inter-observer relative difference of 6-15% of the number of positive results, as was observed in our study, should be taken as the starting point.
,Q FRQFOXVLRQ RXU VWXG\ GHPRQVWUDWHV WKDW VLJQL¿FDQW YDULDWLRQ LQ UHVXOWV RI WKH T-SPOT.TB FDQ RFFXU EHWZHHQ LQGHSHQGHQW REVHUYHUV 7KLV ¿QGLQJ ZDUUDQWV further study into determinants of inter-observer variation.
